Abstract. Argentopentlandite has been found in samples collected on the dump of the Michael mine, an old silver mine in Zagórze Śląskie in the northern part of the Góry Sowie mountains. Though argentopentlandite is not a very common mineral, it is well known from high-temperature hydrothermal veins and from Ni-Cu deposits hosted in ultramafic rocks also containing platinum-group minerals. The argentopentlandite has been recognized in a sulphide nest in association with pyrrhotite and chalcopyrite in massive barite. In comparison to other occurrences (see Table  2 ), this mineral is characterized by a low Ni content (ave. 16.02wt% -EDS; 16.43wt% -WDS), a lack of cobalt and a relatively high copper content (ave. 2.13wt% -EDS; 1.55wt% -WDS). Based on these data, it can be concluded that the argentopentlandite, and the associated sulphides, were precipitated from hydrothermal fluids shortly after barite, the major vein constituent. As the optical properties of the argentopentlandite in reflected light are rather similar to those of bornite, it can be overlooked during routine observations. Thus, argentopentlandite or associated ore mineralization may also occur in other barite veins in the area.
Introduction
Argentopentlandite is a rare mineral. It was classified in the pentlandite group (Anthony et al. 1990 ) though some mineralogists (Scott, Gasparrini 1973; Morales-Ruano, Hach-Ali 1996) have described it as a separate phase. Usually, it occurs in association with pyrrhotite, chalcopyrite, pentlandite and cubanite (Anthony et al. 1990 ) as well as with star-shaped sphalerite and mackinawite (Vavtar 1995; Kerestedjian, Bonev 2001) . It was frequently identified in massive sulphides deposits related to mafic igneous rocks (Vuorelainen et al. 1972; Karpenkov et al. 1973 vide Morales-Ruano, Hach-Ali 1996 Rudashevskii et al. 1977 vide Morales-Ruano, Hach-Ali 1996; Barkov et al. 2002) ; in skarn-type deposits (Shishkin et al. 1971 vide Kontny et al. 1994 Mariko et al. 1973 vide Kontny et al. 1994 Scott, Gasparrini 1973) and occasionally in carbonatites (Anthony et al. 1990) . The mineral has also been identified in hydrothermal medium-and hightemperatures sulphide veins (Benvenuti 1991 vide Vavtar 2005 , e.g. classified to the fivemetals vein formation (Mindat.org 2013) . The various deposit types noted above are related to the ultramafic-and metamorphosed rocks of a proto-rifts, deep tectonic structures, ophiolite sequences and greenstone belts (Scott, Gasparrini 1973; Groves, Hall 1978; Maier et al. 2007 ) which transect intrusive-and extrusive rocks of bimodal character (Němec, Scharmová 1992; Morales-Ruano, Hach-Ali 1996) . The argentopentlandite has been found in a barite-sulphide vein in the Góry Sowie mountains where, at least since Medieval times up to the beginning of the twentieth century, barite-sulphide veins were extracted for silver (Mączka, Stysz 2006) . Several hydrothermal barite veins, well-known since the nineteenth century, are located along NW-SE tectonic fissures (Fig. 1) . The new occurrence of argentopentlandite in hydrothermal veins changes our knowledge of their geochemistry and shows the importance of re-examining other barite occurrences to augment the fragmentary data noticed by Kowalski (1976) using modern laboratory techniques as has been done in other old mining sites in Lower Silesia (Piestrzyński 2005; Mochnacka et al 2009; Mochnacka et al 2012) .
Methods
Samples for this study were collected in 2010 during routine field work in the valley of the Waga brook (50°45'16.0''N; 16°26'21.4''E) (Kowalik 2011) . Laboratory studies, mainly using a Nikon Optiphot ore microscope were undertaken in the Department of Economic Geology, Faculty of Geology, Geophysics and Environmental Protection, AGH University of Science and Technology. EDS analyses were carried out using a FEI Quanta 200 FEG scanning electron microscope at AGH Department of Mineralogy Petrography and Geochemistry. Additional microchemical analyses were carried out using a JEOL JXA-8320 Super Probe in the Laboratory of Critical Elements AGH WGGOS-KGHM PM S.A. The following conditions, standards and lines were used: sample current 20nA and acceleration 20 kV, electron beam size 2 μm, AgLα (100%), Ni Kα (100%), Fe Kα (FeS 2 ), Co Kα (100%) and S Kα (FeS 2 ).
Outline geology
The Góry Sowie mountains (Owl Mts) lie in the SW part of the Góry Sowie Gneiss Massif (GSGM)
1 . This massif, triangular in shape, is a part of the much bigger Lower Silesia Block (LSB) divided into the Fore-Sudetic Block and the mountainous Sudetic Block by the Sudetic Marginal Fault. The LSB, characterized by its mosaic structure (Kryza et al. 2004) , is 15 a part of the European Variscan orogenic belt and lies on the NE flank of the Bohemian Massif (Mazur et al. 2010) . The mosaic structure of the LSB is revealed by the lithostratigraphic differences of tectonically separate units very often described as terranes (Mazur et al. 2010) . The Góry Sowie Gneiss Massif, a fragment of one such terrane (Cymerman 1998) , is inferred from geophysical data (Kryza, Pin 2002) (Dubińska, Gunia 1997 ; Fig. 1 ). Though contacts of the ophiolite massive are not well defined (Mazur et al. 2006) , all borders of the GSGM are of tectonic origin ( Fig. 1; Oberc 1991 ). The GSGM is divided into two parts by the Sudetic Marginal Fault which was rejuvenated in Pliocene times (Kryza et al. 2004 ; Fig. 1 ). Thus, the south-western part of the massif, elevated and partly covered with Carboniferous sediments in grabens, forms the Góry Sowie mountains. Thus, the north-eastern part belongs to the ForeSudetic Block, is partly covered with Cainozoic sediments, and is interpreted to be a 5 km deeper domain than the mountainous part (Żelaźniewicz 1995) . The GSGM is mainly composed of metamorphic sequences containing paragneisses and migmatites (Grocholski 1967) . Minor granulites, orthogneisses, amphibolites, ultramafic rocks (e.g. hyperites), serpentinites and calc-silicate rocks occur within the gneisses (Grocholski 1967) as do retrogressed eclogites (Ilnicki et al. 2010 (Ilnicki et al. , 2012 ; all show signs of partial metamorphism. Whereas, the granulites are in tectonic contact with gneisses (O'Brien et al. 1997) , relations between the ultrabasic bodies and gneisses are obscured (Dubińska, Gunia 1997) . The hyperites are unrelated to the ophiolite gabbros (Kryza, Pin 2002) . All of these rocks are strongly deformed and have undergone a polymetamorphic evolution (Żelaźniewicz 1987) . Their protoliths are of Late Proterozoic -Early Palaeozoic age (O'Brien et al 1997; Kryza, Pin 2002; Kryza, Fanning 2007) . Two metamorphic events of granulite-and amphibolite facies are recognized at 400 Ma and 385-370 Ma, respectively; the metamorphic grade decreased over time and the conditions reflect subduction to mantle-or deep crustal depths and subsequent rapid uplift and exhumation at 360 Ma due to Eo-Variscan movements (Kryza et al. 1996; O'Brien et al. 1997; Winchester et al. 1998; Kryza, Fanning 2007; Nejbert et al. 2013 ) of the GSGM considered to be a Neoproterozoic continental-crust fragment (Mazur et al. 2006) . Along the SW border of the massif, a large dislocation zone (part of the IntraSudetic Fault) was active until post-metamorphic times; gneisses there are strongly cataclazed (Pacholska 1978) . The metamorphic unit is cut by anatectic granitoides and pegmatites formed due to decompression causing partial melting (Kryza 1981; Timmerman et al. 2000) . Extrusive rocks and barite-quartz-calcite veins with minor fluorite and sulphides reflect further Variscan magmatism and post-Variscan hydrothermal activity within the midEuropean area till Triassic-Paleogene (ca 245-65 Ma) times (Fedak, Linder 1966; Pawłowska 1970; Kowalski 1976; Mikulski 2007) . In brecciated gneisses in the SW envelope of the GSGM, small bodies of gabbro, listwanite and diabase showing no traces of metamorphism have been imprecisely dated as pre-Carboniferous (Grocholski 1967; Pacholska 1978) . Typical Sudetic NW-SE barite veins in the GSGM are structurally related to major Sudetic faults, and internal GSGM faults, that permitted the flow of fluids associated with deep-seated magmatic centres (Grocholski 1967; Pawłowska 1970; Kowalski 1976; Szałamacha 1976; Kanasiewicz 1992) . The investigated barite-quartz vein is located in the NW part of the GSGM on the SW slope of Lipiec Mountain in the valley of the Waga brook (Fig. 2) . This typical NW-SE vein, some 2 km from the Sudetic Marginal Fault (Teisseyre, Sawicki 1955) , is steeply dipping (50-70°) and 15-78 cm thick (Mączka, Stysz 2010) . The extension of this vein is similar to that of the tectonic Michałkowa-Glinno graben (Kowalski 1976) . The country rocks on Lipiec Mountain are migmatites and gneisses (Teisseyre, Sawicki 1955) . In the vicinity of the barite vein, there is a thick Ba-rich pegmatite vein of likely 383-370 Ma age (Fedak, Linder 1966; Kowalski 1976; Timmerman et al. 2000) . There are also exposures of ultramafic rocks (Teisseyre, Sawicki 1955) .
Ore mineralization
Argentopentlandite has been discovered in a brecciated fragment of a barite vein in contact deeply-altered brown rock (Fig. 3) (Kowalik 2011) . Pale white barite occurs as tabular crystals a few mm in size growing parallel to the selvages of vein. Sulphides occur as aggregates in nests (< 3 mm) between randomly-oriented barite crystals (Fig. 4) . Macroscopic chalcopyrite, galena and sphalerite can be recognized. The chalcopyrite is partly oxidized and Fe-hydroxides stain barite along fissures and crystal interstices. Malachite associated with chalcopyrite is an alteration product. The argentopentlandite as in previously descriptions worldwide occurs as small inclusions a few μm in size in chalcopyrite that is partly altered to Fe-hydroxides and covellite (Fig. 5) . In the same chalcopyrite, inclusion of pyrrhotite also occur. In reflected light, the optical properties of argentopentlandite are very similar to those of bornite (Vuorelainen et al. 1972; Shishkin et al. 1971 vide Scott, Gasparrini 1973 . This is especially so after a few days polishing when the surface becomes tarnished and the reflectivity decreases (Vuorelainen et al. 1972) . The host chalcopyrite is characterized by the presence of polysynthetic twin lamellae and a relatively strong bireflectance. The presence of pyrrhotite inclusions in the same chalcopyrite suggests that high-temperature (~400-450°C) hydrothermal fluids were involved in the crystallization of the ore minerals (Kontny et al. 1994; Vavtar 1995; Morales-Ruano, Hach-Ali 1996) . However, a lack of sphalerite stars or mackinawite is a distinct one compared to reported mineral assemblages from other locations (Vavtar 1995; Morales-Ruano, Hach-Ali 1996; Kerestedjian 1997 vide Kerestedjian, Bonev 2001 .
The chemical composition of argentopentlandite and associated sulphides is typical (Table 1a, 1b and Table 3 ) though Ni contents are lower than usual in all analyzed points suggesting some Ni insufficiency in the environment. In comparison to other localities (Table 2) , EDS analyses also show some admixture of Cu and a lack of Co (Table 1a) TABLE 2 Chemical composition of argentopentlandites from various localities worldwide (after Mandziuk, Scott 1977; Kontny et al. 1994; Vavtar 1995; Morales-Ruano and Hach-Ali, 1996; Kerestedjian, Bonev 2001) . The atomic proportions have been calculated for 8 Sulphur anions. 6a -assemblage with a high Co content in argentopentlandite caused by occurrence of cobaltian pentlandite (Kontny et al. 1994 ).
1 -Axams (Austria); 2 -El Charcón (Spain); 3, 4 -Bird River (Canada); 5 -Mt. Windarra (Australia); 6 -KTB hole (Germany); 7 -Outokumpu (Finland); 8 -Khovuaksa (Rep. Tuva, Russia); 9 -Talnakh (Russia); 10 -Oktyabr (Russia); 11 -Kamilski Dol (Bulgaria); 12 -Kola hole (Russia); 13, 14, 15 -Sudbury (Canada);
16 -Kamaishi mine (Japan). Some deficiency in Ni is compensated for by enhanced substitution of Ni by Cu in the crystallographic lattice (Hall, Steward 1973 vide Morales-Ruano, Hach-Ali 1996 . Usually, high admixtures of Cu are not typical for argentopentlandites though, in some localities elsewhere, are typical, e.g. 1.0-2.07 (Kontny et al. 1994; Vavtar 1995) . Ni/Ag values of 2.13-2.34 (EDS) or 2.42 (WDS) are low in comparison to other localities (2.85, Table 2 ). Though Fe/Ni values ranging between 2.26-2.47 (EDS) or 2.35 (WDS) are higher than that (1.85) given in the references mentioned above and that in the stoichiometric composition (1.67), they are still within the theoretical limit (1.34-2.57) given in Mandziuk and Scott (1977) . In addition, EDS metal/sulphur values (1.03-1.05) are lower than the range (1.07-1.21, Table 2 ) given in the quoted references or, in the case of the WDS value (1.11), falls within the lower part of it. They are also lower than the stoichiometric value (Mandziuk, Scott 1977) . These data suggest the presence of vacancies in the tetrahedral position in the argentopentlandite structure (Ramajani, Prewitt 1973 vide Morales-Ruano, Hach-Ali 1996 . A lack of Co and occurrence of Ag only at octahedral sites (Shishkin et al. 1971 vide Mandziuk, Scott 1977 in the argentopentlandite confirms that the mineral is related to the hydrothermal succession, but not exactly as typical pentlandite -Co-pentlandite series minerals (Scott, Gasparrini 1973; Mandziuk, Scott 1977; Kontny et al. 1994; MoralesRuano, Hach-Ali 1996) .
The composition of the argentopentlandite suggests its crystallization from a slowlycooling solid solution of chalcopyrite or intermediate solid solution (iss) at a temperature < 455°C (Vuorelainen et al. 1972; Scott, Gasparrini 1973; Mandziuk, Scott 1977; Shishkin et al. 1971 vide Groves, Hall 1978 Kontny et al. 1994; Morales-Ruano, Hach-Ali 1996; Kerestedjian, Bonev 2001) . The barite vein reflects relatively low-temperature crystallisation from solutions (Gruszczyk 1984) whereas the sulphides represent a younger stage of mineralization at higher temperatures.
Conclusions
The chemical characteristics of argentopentlandite from Zagórze Śląskie showed both similarity in paragenetic composition of its quoted worldwide occurrences (permanently associated with chalcopyrite) and a possible mode of crystallization with falling temperature from a chalcopyrite solid solution (or iss) (Vuorelainen et al. 1972; Scott, Gasparrini 1973; Mandziuk, Scott 1977; Shishkin et al. 1971 vide Groves, Hall 1978 Kontny et al. 1994; Vavtar 1995; Morales-Ruano, Hach-Ali 1996; Kerestedjian, Bonev 2001) . A lack of Co confirms the proposed model of crystallization (Vuorelainen et al. 1972; Groves, Hall 1978) . A lower Ni content in comparison to argentopentlandites from other localities worldwide (Table 2; Vavtar 1995; Morales-Ruano, Hach-Ali 1996; Kerestedjian 1997 vide Kerestedjian, Bonev 2001 ) also suggests crystallization from a hydrothermal solution. A lack of sphalerite stars related to high temperatures (Sugaki at al. 1987 vide Morales-Ruano, Hach-Ali 1996 in the chalcopyrite suggests a lower range (<455°C) than indicated in the references listed above. A lack of some usually coexisted minerals (e.g. mackinawite) can be explained the barite vein is a new environment of argentopentlandite compared to typical ones (Anthony et al. 1990 and references therein) reported so far. Therefore it suggests that crystallization of the argentopentlandite studied, and the other sulphides, occurred at lower temperature (Gruszczyk 1984) .
The barite vein in Zagórze Sląskie is the first known locality out of hundreds investigated in Lower Silesia with such interesting sulphide mineralization. Two different environments can be considered as a potential metal source. Blind quartz veins located below the barite veins are one option (Fedak, Linder 1966) . Remobilization of metal by younger hydrothermal fluids penetrating ultramafic rocks is another (Zakrzewski 1976; Zakrzewski et al. 1980; Kontny et al. 1994) . Despite the small scale of the investigation, this work opens the possibility of the existence a new mineral phases in barite veins not only in the Góry Sowie mountains and also in the Boguszów area (Piestrzyński 2005 ) that merit further attention. The close similarity between the optical properties of argentopentlandite and bornite suggests that a re-examination of occurrences of vein-type bornite-chalcopyrite mineralisation in, e.g. Dziećmorowice (Fedak, Linder 1966; Madziarz, Sztuk 2006 ) might prove fruitful.
